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Four-cluster analysis of δ13C and δ15N of adult ticks fed on hosts consuming a standard or wild 
diet, organized by feeding guild and species. Pseudoreplicates (multiple ticks fed on the same 
individual) used as means. Black points indicate samples, white points indicate cluster means.
Four-cluster analysis of δ13C and δ15N of adult ticks fed on standard-fed or wild-fed hosts by 
feeding guild and species, overlaid by signatures of field-collected ticks fed on an unknown 
host. White points indicate cluster means.
Feeding guild (assignment accuracy) Small Rodent  (21%) Small Rodent (23%) + Squirrel (100%) Mesopredator (100%) Small Rodent (55%)
Species (assignment accuracy) PELE (32%) PELE (24%) + TAST (21%) + SCCA (100%) + TAHU (100%) DIVI (100%) + MEME (100%) + PRLO (100%) TAST (74%) + PELE (40%)
Species
■ ⨁ ◆ + ❊ ● ▲
DIVI
Didelphis virginiana                  
(North American opossum)
MEME
Mephitis mephitis                    
(Striped skunk)
PRLO
Procyon lotor                                  
(Raccoon)
SCCA
Sciurus carolinensis                                   
(Eastern gray squirrel)
TAHU
Tamiasciurus hudsonicus                           
(American red squirrel)
PELE
Peromyscus leucopus                            
(White-footed mouse)
TAST
Tamias striatus                      
(Eastern chipmunk)
Results – Creation and Application of Model
The model distributed 55 samples across the four clusters. The 
densest area of the model was the three-way overlap of the three 
small rodent and squirrel clusters, accounting for 22% of all host 
samples.
The model successfully assigned mesopredators (North 
American opossum, striped skunk, and raccoon) and squirrels 
(Eastern gray squirrel and American red squirrel) to their 
respective clusters with 100% accuracy.
Small rodents were split into three clusters, assigned 
successfully 21%, 23%, and 55% of the time. When organized by 
species, the small rodents were distributed into a cluster of 
white-footed mouse (32% accuracy), a cluster of white-footed 
mouse (24%), Eastern chipmunk (21%), and Eastern gray and 
American red squirrels (100%), and a cluster of Eastern 
chipmunk (74%) and white-footed mouse (40%).
Isotopic signatures of 36 field-collected adult ticks fed on 
unknown hosts were overlaid on the cluster model. 89% of 
samples fell into the bounds of the model. The most samples 
(47%) fell into the small rodent and squirrel cluster, excluding 
overlapping areas. 78% of samples fell into areas consisting of 
white-footed mice, Eastern chipmunks, and Eastern gray and 
American red squirrels. Only 8% of samples fell into the 
mesopredator cluster, excluding overlapping areas.
Lyme disease, the most prevalent vector-borne disease in the 
Northern hemisphere, affects as many as 440,000 people in the United 
States each year (1-3). The cause of Lyme disease is the transmission 
of the bacterial spirochete, Borrelia burgdorferi, through a bite from an 
infected black-legged tick, Ixodes scapularis (4). The bacterium is 
acquired in ticks when siphoning the plasma from an infected host as 
a larva and is transferred to the nymphal host, which may be the 
same or a different host species (4-5). Host species have varying 
reservoir competence, or the ability to incubate the bacteria and pass 
it on to a vector (6).
It is necessary to decipher the ecological dynamics of the host 
species of black-legged ticks that allow for the persistence of the 
Lyme disease-causing bacteria and consequent infection in humans. 
Current DNA-based isolation methods used to detect the genus or 
species of a prior host in a tick, such as PCR, are limited due to the 
degradation of DNA after molting (7). Stable isotope analysis has 
emerged as a viable addition or alternative to identifying the host of 
a flat, questing tick (8).
13
C is not discriminated against in C4 plants, 
such as corn, and 
15





N isotopic signatures indicate the diet of the 
prior host in a molted tick, as enrichment of these elements occurs 
with increasing trophic levels (9).
In this study, I continue the research of LoGiudice et al., 2018, in 
differentiating between host feeding guilds and ecologically similar 
host species using stable isotope analysis of I. scapularis blood meal.
Methods
In the late summer of 2019, 68 unique trap sites were used for the live 
capture of 46 Peromyscus leucopus, white-footed mice, in the Reist 
Sanctuary (Schenectady County, Schenectady, NY) over 350 trap 
nights. Upon capture, animals were held in the Union College animal 
care facility for up to 7 days. Juveniles and lactating or pregnant 
females were released at the point of capture. Upon initiation of the 
holding period, individuals were infested with an average of 4 flat, 
nymphal black-legged ticks, previously collected in the spring of 
2019 from the Reist Sanctuary and Albany Pine Bush Preserve. 
Animals were randomly assigned a diet treatment (standard or corn). 
Engorged ticks that dropped within 24 hours of holding were 
collected and assumed to be of a wild diet. All engorged ticks were 
collected, cared for until molting, frozen, and dried for stable isotope 
analysis.
I created a k-means cluster analysis of ticks fed on hosts on wild 
and standard diets in R, using 2019 data in combination with 
historical data from the LoGiudice lab of 2015 and 2017 and the 
Ostfeld lab of 2002. The k-means cluster analysis assigned samples 
into clusters of the nearest mean with 95% confidence using the 
standard algorithm (Lloyd’s algorithm) to assign centroids as new 
means until convergence was reached for each feeding guild and 
species (see Kanungo et al., 2000).
Results – Significance of Diets
Using an ANOVA, I confirmed the significant difference in δ13C 
between the corn and wild-fed ticks (p=0.002) on an immediate 
time scale of four days. A pairwise comparison (Tukey HSD) 
revealed that corn-fed ticks have significantly higher δ13C than 
standard-fed and wild-fed ticks (p<0.01). The 2019 data do not 
suggest that δ15N is significantly different across diets on the 





It is apparent that the model consists of two defined clusters: ticks 
that fed on omnivorous mesopredators with medium-high δ13C and 
δ15N, and those that fed on herbivorous rodents with low-medium 
δ13C and δ15N. I confirm that chipmunk and white-footed mice 
samples are not distinguishable from each other isotopically (10). It is 
more reliable to interpret the model using feeding guild instead of 
species. The distribution of species across the four clusters varies 
within 21% to 100% accuracy.
Using the model, I estimate that up to 83% of nymphs feed on 
small rodents and squirrels, 11% feed on mesopredators, and 3% on 
carnivores. These findings agree with those of LoGiudice et al., 2003, 
which estimated that between 26% and 63% of nymphs feed on 
herbivores, 6% and 3% feed on omnivores, and 66% and 33% feed on 
shrews, depending on low or high small rodent density in the 
community’s composition. This confirms the acknowledged 
importance of small rodents as dynamic hosts (2).
Small sample sizes used for the model’s creation and application 
are limiting, and the opportunistic nature of the small rodent diet is 
prone to enrichment in δ13C (corn) and δ15N (insects, birds and their 
eggs). The model reflects the larger range of δ13C and δ15N in small 
rodent signatures with its varied accuracy for each cluster and the 
large number of field-collected ticks falling into these clusters.
Short-tailed shrews (Blarina brevicauda) were not accounted for in 
this model, leaving out a potentially important rescue host in 
communities with low small rodent abundance, contributing to the 
persistence of B. burgdorferi (2). Samples from insectivorous shrews 
would likely be moderately enriched in δ13C and δ15N and would 
disrupt the model’s current clusters. Close research must continue to 
investigate the relationship between hosts of both larvae and nymphs 
that incubate the Lyme-causing bacterium, such as mice and shrews, 
and their relationship with other community hosts to control the 
human risk of disease.
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